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PROCESS FOR DETECTING THE STATE OF A CATALYST SYSTEM 



/V jt -^The invention pertains tD a process for detecting the state of a catalyst 
system in an exhaust gas chaniel of an internal combustion engine of a motor 
vehicle with the features cit< d in the introductory clause of Claim 1. 

It is known that catalysts, especially so-called 3-way catalysts, can be 
placed in the exhaust gas channel to purify the exhaust gas of the internal 
combustion engine. When an air-fuel mixture undergoes combustion, pollutants 
such as soot particles, nitrogen oxides (NOx) , carbon* monoxide (CO) , and incom- 
pletely burned hydrocarbons (HCs) are formed in varying proportions. Reducing 
agents, i.e., CO, HCs, and H2, are oxidized on the catalysts with oxygen and/or 
nitrogen oxides to form water and carbon dioxide. Oxidizing agents such as 
NOxr however, are reduced on the catalysts with the help of reducing agents to 
form nitrogen. 

It is also known that sensors can be assigned to a catalyst system of 
this type to detect, for example, the percentage of a certain gas component in 
the exhaust gas (lambda probes, NOx sensors) or to measure a temperature (tem- 
perature sensors) . The way in which such sensors function and their location 
in the catalyst system are known. 

During the dynamic operation of an internal combustion engine, the con- 
version rate for the pollutants deteriorates over the course of time as a re- 
sult of reversible and irreversible damage to the catalysts. It is therefore 
known that sensors can be used to detect the degree of damage to the catalyst 
system/ in that, for example, an NOx emission downstream of the catalyst system 
is compared with an NOx emission upstream of the catalyst system. To correct 
reversible damage, appropriate countermeasures are then usually initiated such 
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as the regeneration of the catalyst in a reductive atmosphere. When the irre- 
versible damage exceeds a predetermined threshold, it will be necessary under 
certain conditions to perform expensive maintenance work. 

The disadvantage of the known processes is that, during the dynamic op- 
eration of the internal combustion engine, especially during acceleration 
phases, the variables on which the detection of the state of the catalyst sys- 
tem is based fluctuate widely. Thus, during periods of high engine power de- 
mand, the NOx emissions also increase. Thereafter, it is possible for the 
threshold values for the degree of damage to the catalyst system to be ex- 
ceeded briefly, even though such severe damage is not actually present. As a 
result of this incorrect diagnosis, it is possible under certain conditions 
for unnecessary regeneration or maintenance procedures to be initiated. 
J ^^^gl^he task of the present invention is to provide a way of detecting the 
state of the catalyst system independently of the dynamic operation of the en- 
gine (driving cycle) . 
^^yj^ This task is accomplished according to the invention by the process for 
detecting the state of the catallyst system with the features cited in Claim 1. 



In that: 

(a) at least one operating 
over a predetermined time perioc 

(b) the total energy output 
predetermined time period is det 

(c) a characteristic value 
at least one operating parameter 
it is possible in an advantageou 



parameter of the catalyst system is detected 



of the internal combustion engine within the 
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c is calculated on the basis of a ratio of the 
to the total energy output, 
manner to take into account the dynamic be- 
havior of the engine with respect\ to the emission of pollutants. 

To compensate for statistical outliers, it is advantageous to form an av- 
erage characteristic value from a predetermined number of characteristic val- 
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ues. As a function of the characteristic value or the average characteristic 
value, a maintenance signal can then be generated when, for example, a prede- 
termined threshold value is exceeded. 

The total energy output of the internal combustion engine can be detected 
in a manner known in and of itself by the use of suitable sensors and made 
available by an engine control unit as a measurement signal. To the same end, 
however, it is also possible to detect variables which are equivalent to the 
power output such as in particular a cumulative quantity of air. It has been 
found that a change in the total energy output is associated with a propor- 
tional change in selected operating parameters of the catalyst system. 

The operating parameters of the catalyst system which are especially suit- 
able include the catalyst temperature and the amount of HCs, CO, O2, or NOx in 
the exhaust gas. These operating parameters can be detected as HC, CO, O2, or 
NOx concentrations by known means with .the use of sensors (lambda probes, NOx 
sensors) installed in the catalyst system and obtained on the basis of calcu- 
lated or measured volume flow rates. In the process according to the inven- 
tion, it is sufficient, for example, to determine the amount of NOx t>y means of 
an NOx sensor installed downstream of the catalyst. 



In a preferred embodiment o: 
is detected within an accelerat: 
the detection of state can also 
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the process, the state of the catalyst system 
on phase of the motor vehicle. In addition, 
be made to depend on whether or not the oper- 
stion engine is within a predetermined lambda 
: temperature is in a predetermined tempera- 
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The inventic n is explained in greater detail below on the basis of the as- 
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subclaims. 
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— Figure 1 is a schematic diagram of a catalyst system installation in an 



'a exhaust gas channel of <in internal combustion engine; and 

ay 

— Figure 2 show a f * ow diagram of the detection of the state of the cata- 
lyst system according to an exemplary embodiment of the process according to 
the invention. 

Figure 1 is a schematic diagram of the installation 10 of a catalyst sys- 
tem 12 in an exhaust gas channel 14 of an internal combustion engine 16, in 
particular a A-controlled, Otto DI engine. The catalyst system 12 comprises 
at least one catalyst 18, especially a 3-way catalyst, through which exhaust 
gas from the internal combustion engine 16 flows. In addition, sensors can 
also be assigned to the catalyst system 12, which sensors make it possible to 
detect operating parameters of the catalyst system 12. For example, tempera- 
ture sensors 24, 25 can be used to detect the exhaust gas temperature or the 
catalyst temperature. It is also possible to determine the percentages of se- 
lected gas components in the exhaust gas by the use of gas sensors. Thus, for 
example, lambda probes 20, 21 or NO^ sensors 22, 23 can be installed in the ex- 
haust gas channel 14 upstream and downstream of the catalyst 18. The sensors 
supply measurement data, which can be received and evaluated by an engine con- 
trol unit 26. The operating mode of the internal combustion engine 16 can be 
characterized on the basis of a lambda value. Thus, a value of A > 1 charac- 
terizes operation under lean conditions, whereas A < 1 characterizes operation 
under rich conditions. 

During the combustion process of an air-fuel mixture in the internal com- 
bustion engine 16, pollutants are formed in varying proportions, which are 
converted in the catalyst 18 in the course of a conversion reaction. Thus, 
for example, NOx is reduced, and CO and HCs are oxidized. The extent to which 
the conversion reaction takes places in the catalyst 18 can be derived from a 
conversion rate. This can be determined, for example, by a comparison of a NOx 



value upstream with an NOx value downstream of the catalyst 18 (by the use of 
the NOx sensors 22, 23) . The upstream and downstream lambda values of the ex- 
haust gas detected by the lambda probes 20, 21 can be used in a similar man- 
ner. The process according to the invention, however, also makes it possible 
to diagnose the catalyst 18 with the use of only one NOx sensor 23 installed 
downstream of the catalyst 18. 

If the conversion rate of the catalyst 18 is low, then reversible or irre- 
versible damage to the catalyst can be present. Reversible damage includes, 
for example, sulfur poisoning, a coating of soot, or the oxidation of the 
catalyst components. Suitable regeneration measures may be able to repair re- 
versible damage of this kind. 

In contrast, irreversible damage, such as that caused by corrosive proc- 
esses, leads to a permanent decrease in the conversion rate, and when they ex- 
ceed a certain level must therefore be corrected by maintenance measures. 

In the process according to the invention, the operating parameters of the 
catalyst system 12 are detected by means of the sensors and/or calculated on 
the basis of suitable models in the known manner. In addition, selected oper- 
ating parameters of the internal combustion engine 16 are also determined by 
known means. Thus, a total energy output of the internal combustion engine 16 
is acquired over a predetermined period of time. Because the ratio of the at 
least one operating parameter of the catalyst system 12 to the total energy 
output behaves in a proportional manner, it is possible to detect the state of 
the catalyst 18 independently of the engine power by calculating a character- 
istic value k which reflects this ratio. 

Figure 2 is a flow diagram of the detection of the state of the catalyst 
system 12 according to the process of the invention in an exemplary embodi- 
ment. First, it is determined in step SI whether or not the internal combus- 
tion engine 15 of the motor vehicle is just then in an acceleration phase, for 
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it has been found to be especially advantageous to perform the detection of 
state procedure during this type of operating phase of the internal combustion 
engine 16. If an acceleration phase is not present, termination occurs in 
step S2, which can then be followed in turn by step Si again. 

If the vehicle is in an acceleration phase, it is then determined in step 
S3 whether or not the catalyst temperature is in a predetermined temperature 
range. In addition, a lambda value of the exhaust gas must also be within a 
predetermined lambda range (step S4) . If these two conditions are satisfied, 
the time period of the detection of state is fixed in step S5, and the number 
n of detection of state procedures is possibly defined also. 

As previously explained, the operating parameter of the catalyst system 12 
is detected in step S6 with the help of the existing sensors. For this pur- 
pose, especially the catalyst temperature and the mass of HCs, CO, CO2, or NOx 
in the exhaust gas are suitable. In addition, the total energy output of the 
internal combustion engine 2 6 is also measured over the predetermined time pe- 
riod, either directly or alternatively on the basis of a power-equivalent 
variable such as a cumulative air quantity. 



A ratio of the at least one operating parameter of the catalyst system 12 
to the total energy output is used in step S7 to calculate a characteristic 
value k. 

In the exemplary embodiment being discussed here, the determination of the 
characteristic value is repeated n times to compensate for statistical out- 
liers (step S8) , and in step S9, an average characteristic value k^^ is formed 
as the average value of the n characteristic values k. Then, in step SIO, the 
average characteristic value Jcn, is compared with a predetermined threshold 
value. If the average characteristic value k^ exceeds the threshold value, it 
is then possible for a maintenance signal to be generated in step Sll, which 
can be used, for example, for an on-board diagnosis procedure. 
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